Phagocytosis of nano-sized titanium dioxide triggers changes in protein acetylation.
Nano-sized titanium dioxide (nTiO2) is one of the most produced engineered nanomaterials and therefore carries a high risk for workplace exposure. In several nanosafety studies, exposure to nTiO2 has been shown to trigger inflammation in mice lung and to cause oxidative stress. Here, cytoplasmic proteome changes in human monocyte derived macrophages were investigated with two-dimensional difference gel electrophoresis (2D-DIGE) and mass spectrometry to evaluate the adverse cellular effects after exposure to different types of TiO2 nanoparticles (NPs). Both studied TiO2 NPs (rutile TiO2 with or without silica coating) evoked similar proteome alterations. The identified proteins were linked to metabolic homeostasis, cytoskeleton remodeling and oxidative stress. The abundances of chloride intracellular channel protein 1 and cathepsin D changed only after exposure to nTiO2 as compared to a coarse particle analog. Enrichment analysis revealed that 70% of the proteins with changed intensities contained known acetylation sites, and it was possible to confirm a significant induction of cytoplasmic protein acetylation after nTiO2 exposure. The course of the events during phagocytosis could account for the observed membrane maintenance, metabolic and cytoskeletal protein expression changes. Lysine acetylation of cytoplasmic proteins in macrophages is emerging as a major cell regulation mechanism after nTiO2 exposure. While the amount of nanosafety research conducted in recent years has been constantly increasing, proteomics has not yet been utilized widely in this field. In addition, reversible protein post-translational modifications (PTMs) such as acetylation and phosphorylation have not been investigated in-depth in nanomaterial exposed cells. Proteome changes observed in nanomaterial exposed macrophages revealed active phagocytosis of the particles and provided new insights into underlying mechanisms of biological responses to nTiO2 exposures. Moreover, reversible protein acetylation might be a major cellular regulation event occurring in nanomaterial exposed cells.